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Introduction
Female migration rates are higher than those of males in 88% of non-OECD countries. This relative tendency of females to migrate is most pronounced for high-skilled individuals. The migration rates of females with post-secondary education are on average 17% higher than those of males (Docquier, Lowell, and Marfouk, 2009 ). Furthermore, the migration rate of the highskilled, or brain drain, is relatively greater for females on each of the inhabited continents. 1 (See figure 1).
Why are rates of female brain drain relatively high in developing countries? An outflow of human capital from developing countries is generally troubling. However, losses of female human capital are likely to be particularly costly. Researchers have reported that increased educational attainment by females is associated with them having lower fertility rates and improved health; their infant mortality rates tend to be lower and their children's educational attainment tends to be higher (Schultz (1988) , Behrman and Deolalikar (1988) , and Subbarao and Raney (1995) ). According to Abu-Ghaida and Klasen (2004) , the lost "social gains" from gender inequalities in education may amount to between 0.1 and 0.3 points in annual per capita income growth.
2
In this paper we explore one potential determinant of the rates of female brain drain relative to those of males: women's rights. In many developing countries, not only do women suffer from a lack of political rights and protections from violence. They also lack basic economic rights to productive resources:
Few farming women in developing countries have title and control of land in 1 The data on continents here comes from Mayer and Zignago (2006) . Asia, Africa, America, Europe and Pacific are the five possible continents associated with each country. Pacific refers to Australia and Pacific island countries. 2 Knowles, Lorgelly, and Owen (2002) estimate a neoclassical growth model that explicitly includes both female and male human capital. Using cross-country data they find that increases in female education positively affect labor productivity while the effect of male education is often statistically insignificant or even negative.
their own names. In many areas of sub-Saharan Africa, widows lack even basic rights to inherit marital property [.] In south Asia, women have gained greater legal inheritance rights over time, but inequitable restrictions continue to keep women at a disadvantage, and women's property rights in practice are much less than in the legal code [.] Women may also have less access [to] productive assets such as labor-saving technologies, credit, and extension services (Mammen and Paxson, 2000, p. 161) .
Increases in women's rights can decrease both the costs and benefits to migration.
Women's rights may, therefore, have non-linear effects on the relative rate of female brain drain in a country. For example, greater protection from physical coercion decreases the riskiness of trying to migrate but, at the same time, it creates an environment that an individual has less reason to flee.
Our work complements that of Naghsh Nejad (2012) . She examines the relationship between ratios of female-to-male brain drain rates (female brain drain ratios) and the women's rights index values from the Cingranelli and Richards (2010) (CIRI) Human Rights Dataset.
Using a panel of up to 195 countries, Naghsh Nejad estimates a non-linear relationship between the female brain drain ratio and women's rights. Starting from very low levels of women's rights, increases are associated with increases in the female brain drain ratio; however, at higher levels of women's rights the marginal effect becomes negative. That paper addresses the potential endogeneity of women's rights by instrumenting using index measures of political institutions and civil liberties. She argues that general institutional quality is correlated with the relative strength of women's rights, but not otherwise a determinant of female migration rates relative to those of males.
However, a limitation of Naghsh Nejad (2012) is that an origin's women's rights are not measured relative to those of the destination. She focuses only on migration flows from non-OECD countries to OECD countries. An implicit assumption in the analysis, then, is that each OECD country provides a full set of women's rights. If this is true, then the CIRI index values of non-OECD countries can be considered as measures of women's rights in the origin country relative to those of the destination country. While this may not be an implausible approximation,
we employ a gravity model framework to analyze bilateral migration rates of the high-skilled (Docquier et al., 2009 ). Female-to-male brain drain ratios are then related to the gap between (i.e., the ratio of) women's rights in the origin and destination countries. This allows us to exploit information in the women's rights differentials across OECD countries; also the differentials involved with migration between non-OECD countries. Whereas Naghsh Nejad provides a defensible identification strategy to address endogeneity, we bring additional information into our analysis which decreases the potential for omitted variable biases. And by not limiting the analysis to non-OECD to OECD flows we increase the sample size substantially.
A simple plot of non-OECD female-to-male brain drain ratios against CIRI women's rights index values in figure 2 suggests a "hump-shaped" relationship. Based on bilateral migration rates and the gravity model framework, we also estimate a statistically significant nonlinear relationship between women's rights gaps and the migration of high-skilled females (relative to males) from origin to destination countries. In addition to the ordinary least squares (OLS) results, we report that the relationship is robust to employing a Heckman (1970) two-stage regression approach or the Poisson pseudo-maximum likelihood estimation suggested by Silva and Tenreyro (2006) . (Both approaches are utilized to deal with bilateral migration observations with a value of zero or ratios of flows that are undefined.)
This organization of this paper is as follows. Section 2 contains a review of literature relevant to the present research. A theoretical model of migration choice is developed in section 3. This theory motivates the empirical model described in section 4; this section also overviews the data used to estimate that model. Estimation results are reported in section 5. Summary discussion appears in the concluding section 6.
Previous Work on Female Brain Drain
Brain drain is a widely explored topic in the context of development economics. (See Docquier and Rapoport (2012) for a review of the literature.) However, the gender aspect of brain drain has received relatively little attention; and that only recently.
Dumont, Martin and Spievogel (2007) are the first researchers to provide data on genderspecific brain drain using OECD census databases for emigrants from 25 OECD and 79 non-OECD countries. They report that female brain drain rates from African countries tend to be notably higher than those of males. Alternatively, there is almost no brain drain gender gap when considering European origin countries. They also estimate the impact of female brain drain on the social and economic development of origin countries. They find that female brain drain ratios are positively and significantly related to infant mortality and under-five mortality; negatively and significantly related to female secondary school enrollment relative to males. They do not find similar harmful effects associated with the emigration of less-educated women. This suggests an important role for educated women in the health and education of children. Docquier et al. (2009) provide a more extensive dataset for education-and genderspecific migration from 174 origin countries in 1990 and from 195 countries in 2000. Using this data, Docquier, Marfouk, Salomone, and Sekkat (2012) find that women respond differently than men to conventional "push" factors. For example, while male brain drain is negatively associated with an origin country's average human capital level, all else equal, the analogous relationship is positive in the case of women. Also, the distance from an origin country to the OECD area is negatively associated with male brain drain but positively associated with high-skilled female emigration. Relevant to the present research, Docquier et al. (2012) suggest that both of these anomalies may be related to gender discrimination.
Everything being equal, females would tend to migrate more because even with a college degree they may have difficulties to find an adequate job. The hidden discrimination would lead to some kind of positive selection that characterizes female migration.
[Also] the positive sign of the coefficient of the distance to the OECD may reflect, especially for migrants originating from the South, the relatively lower discrimination in furthest OECD countries as compared to closer ones (p. 261).
This suggests the importance of taking into account differentials in women's rights between origin and destination countries. It also suggests that controlling for variation in women's rights across destination OECD countries may be important.
Other than Naghsh Nejad (2012), we are aware of only two studies that explore the role of gender discrimination in the determination of female brain drain ratios. First, Bang and Mitra (2011) attempt to proxy, separately, for "access to economic opportunities" and "economic outcomes". Based on Docquier et al.'s (2009) data on emigration rates to the OECD they find that only "opportunities" are related to female brain drain and the estimated relationship is a negative one. However, their "opportunity" variables include fertility rates and gender gaps in schooling and literacy. These variables might just as easily be interpreted as "outcomes". In the present paper we utilize the CIRI women's rights indices. These indices are directly based on the economic rights (e.g., the right to work without a husband's consent), political rights (e.g., the right to vote), and social rights (e.g., the right to initiate a divorce) that women have in a given country. These rights are institutional and more clearly interpreted in terms of opportunities open to women. Also, because Bang and Mitra do not motivate their empirics with a formal model of how gender discrimination affects the costs and benefits of migration choices, they do not allow for the type of nonlinear effects that we report below.
Second, Baudassé and Baziller (2011) use a principal components analysis (PCA) to aggregate variables into indices of gender inequality. These variables include female-to-male income and education differentials, as well as female labor market participation rates. Data limitations lead Baudassé and Baziller (2011) to study a sample of only 51 countries. 3 Like us, they argue that the effect of discrimination on female brain drain is theoretically ambiguous in terms of sign. Gender discrimination may increase the perceived benefits to migrating.
Alternatively it may lead to a selection bias where a society's collective decisions concerning who is permitted to migrate are biased against females. Thus, gender discrimination may be a standard push factor or operate as a barrier to exit. Empirically Baudassé and Baziller (2011) find that decreased gender inequality is associated with higher female migration rates and, in particular, higher rates for high-skilled females. One shortcoming of Baudassé and Baziller (2011) is that they do not allow for the sort of nonlinear relationship that logically follows from their discussion of push factor versus selection bias effects.
We theoretically derive and estimate a non-linear relationship between female brain drain and the women's rights present in an origin country relative to a destination. In doing so, we offer a plausible reconciliation between the contradictory findings of Bang and Mitra (2011) and Baudassé and Baziller (2011) ; a reconciliation that is supported by the data. The costs and the benefits of migration for females are both functions of the rights that their home countries provide relative to potential destinations. As implied by our model, when there is a decrease in gender discrimination there are two effects. First, there is a negative effect associated with decreased benefits to migration; second, there is a positive effect associated with decreased costs to migration. Whether the negative or positive effect dominates depends on the initial level of women's rights from which a country begins.
The relative dearth of research on women's rights in relation to female brain drain is an important shortcoming in the literature. Studies have suggested that, in general, gender inequality is harmful to a country's economic growth (e.g., Dollar and Gatti (1999) and Klasen (2000)).
These studies suggest that a higher labor force participation rate of women contributes positively to economic development, a general view that is supported by the specific case studies of India and Sub-Saharan Africa by, respectively, Esteve-Volart (2004) and Blackden, Canagarajah, Klasen, and Lawson (2006) . If gender discrimination is also associated with the flight of female human capital, this could another economically important channel through which gender inequality harms development.
A Model of Migration Choice Facing Differences in Women's Rights
The neoclassical theory of international migration is well established. We follow that theory and extend the framework developed by Borjas (1987) and Grogger and Hanson (2011) . We assume that individuals view a migration decision as a utility-maximization problem. Each individual makes her or his migration decision by computing the expected net gains associated with each possible location choice including their origin country (i.e., no migration).
However, in the neoclassical theory the role of gender has been largely neglected. This is surprising given the dissimilar migration patterns of men versus women in the data. After reviewing the literature, Pfeiffer, Richter, Fletcher, and Taylor (2007) 
The function, (1) The utility function of an individual from i who migrates to country j is,
( ) where is the cost of migrating from country i to j and ij,g is a shock similar to that in (1).
This costs include the monetary cost of moving, the opportunity cost of moving, the challenges of learning a new language, and the psychological cost of moving. 4 More importantly for our purposes, we will assume below that these costs are, for women, a function of the origin country's level of discrimination. E j are other j country characteristics and is the level of gender discrimination faced by the potential emigrant in j. Again by assumption, D j,g = 0 for g = m; D j,g ≥ 0 for g = f.
As in Naghsh Nejad (2012) we introduce the assumption that the cost function is a strictly increasing convex function of discrimination in origin and destination countries:
represents factors (other than discrimination) that affect women's migration costs. We assume increasing costs in both origin and destination country gender discrimination. In the case of origin country discrimination, this is plausible if, as discrimination increases (i.e., the level of women's rights decreases) the barriers to migration accumulate from primarily cultural norms (e.g., discouragement from family and friends) to norms and legal restrictions (e.g., difficulties in obtaining a passport) and then eventually to the lack of basic protections from threats of physical 4 Beine and Salomone (2010) argue these costs can affect women and men differently. We here assume that the cost functions have identical forms for both men and women and, instead, look at how a lack of women's rights imposes different costs on men and women. This is not to argue against Beine and Salomone (2010) . Rather we abstract from gender-specific cost functional form differences to focus on our question of interest.
violence (e.g., it is legally and socially acceptable for a woman to be physically restrained by her husband). Sequentially each of these barriers seems to present increasingly large costs on the margin. Analogous arguments can be made for destination country discrimination levels. The same elements of a society that represent barriers to potential female emigrants also represent hardships to be borne by females immigrating to that society.
Based on the above assumptions, the net gain from moving from country i to j is,
An individual in i will decide to move to a new country if (9) is positive for any j. Also, the individual will choose the destination that gives her or him the largest net gain, i.e., the j for which (9) 
Where is the population share of gender group g in i that migrates to j. is the population share of gender group g in i that remains in i, and assuming . Furthermore, the between female and male odds of migration is,
Inspection of (11) gives us some intuition that motivates the empirical analysis below.
There are two terms on the right-hand-side; one is negative and the other is positive. First, the positive term clearly expresses that, all else equal, the relative benefits to women considering migration from i to j are increasing in the amount of discrimination in i relative to j. All else equal, the benefits to migration are higher when the move is towards a destination with a higher level of women's rights. On the other hand, the negative right-hand-side term concerns the relative costs of migration. Recalling, (3)- (7) above, the cost to females (relative to males) is increasing and convex in the discrimination in i relative to j. For a given level of women's rights in j, a decrease in i's women's rights implies both increased costs and benefits to migration from i to j. Because the costs are convex in discrimination, (11) will be a non-linear relationship in .
Differentiating (11) separately with respect to discrimination levels in i and j yields, (12) and (13) .
Using the partial derivatives, (12) and (13), the total differentiation of (11) is,
The first right-hand-side term is based on the expected benefits of migration and, by
itself, confirms what might seem to be "common sense". When there is an increase in i's discrimination relative to j, a woman's expected benefits in considering a move to j increase. All else equal, this increases female migration from i to j relative to that of males. However, the second right-hand-side component of (14) is a cost component. An increase in i's discrimination relative to j implies that dD i,f > 0 and/or dD i,f < 0. Consider the interesting case where, starting from an initial D i,f > D j,f , both of these inequalities hold and both dD i,f and dD j,f are small in absolute value. In other words, consider a migration opportunity from a country with fewer women's rights to one with more, and where the discrimination differential has become marginally more beneficial to women. On the cost side, higher discrimination in i makes migration more costly ( ) which, all else equal, makes female migration less likely. Alternatively, lower costs due to less discrimination in j ( makes female migration more likely. Because costs are convex in both D i,f and D i,g , at a relatively a high initial D i,f level, a negative effect will dominate the cost component and, possibly, (14) itself will be negative.
The nonlinear relationship derived from the model is perhaps more interesting if one considers why the "common sense" view that increasing women's rights may lead to less female brain drain. In a country that begins with a very low level of women's rights, increases in those rights may be associated with increases in female brain drain relative to that of males. This is because, on the margin, women's responses to the lower costs of leaving the country dominate the lesser benefits to migration. Our empirical analysis below is, to our knowledge, the one to explicitly incorporate and estimate this sort of nonlinearity.
Data and Empirical Model
Motivated by the theory in section 3, we now introduce the dependent and independent variables of our analysis. We also describe the gravity model and estimation techniques that we employ.
Dependent Variable
Our dependent variable is the rate of female brain drain from country i to country j for each origin-destination pair in our sample. This variable is constructed from the Docquier et al.'s (2010) dataset and is constituted by cross-country census and register data. It includes both OECD and non-OECD countries for the years 1990 and 2000. 6 We record the proportion of migration flows from each origin country (i) to each destination country (j) as a percent of nationals of the origin country with the same level of education and gender in 1990. As for the number of nationals in each education and gender group we used the data from Docquier et al. (2009) . 7 The female brain drain ratio (FBDR) is calculated as follows: (15) where the brain drain rates are,
In (16), g and h refer to, respectively, gender and education level. The education level, h, that we focus on is high-skilled, i.e., individuals with post-secondary education.
Independent Variables
Our independent variables of interest are the gap between origin and destination countries women's rights index values from the Cingranelli and Richards (2010) (CIRI) Human Rights
Dataset. CIRI publishes three women's rights indices: women's social rights, women's economic rights, and women's political rights. Each of these indexes varies from 0 to 3. A value of 0 implies that women's rights are not recognized at all by culture and law, and the degree of discrimination is high. A value of 3 implies that rights are fully recognized and enforced. For the intermediary values; a score of 1 implies very weak laws and weak enforcement; a score of 2 implies adequate laws but weak enforcement. Women's economic rights index take into account (i) the right to get and choose a job without a husband or male relative's consent; (ii) equalities in workplace hiring, pay, promotion, and job securities; (iii) protection from sexual harassment in the workplace; and (iv) the rights to work at night, in dangerous conditions, and in military and police forces. Women's political rights include the right to vote and engage in political activities such as running a political office, hold government positions, join political parties, and petition government officials. Women's social rights take into account (i) gender inequalities in inheritance, marriage, and divorce; (ii) rights to travel, obtain education, and choose a residence;
and (iii) protection from genital mutilation and forced sterilization.
In our analysis we initially calculate a comprehensive women's rights variable by adding the three different indexes from the CIRI dataset. We add one to each component so that each varies between one and four. 8 This prevents denominator (and, for that matter, numerator) values from being zero. The comprehensive women's rights gap between an origin country, i, and a destination country, j, is then calculated at the ratio of the j value to the i value 9 :
.
Both the numerator and denominator of (17) can vary from 3 to 12; the range of the ratio is therefore from 0.25 to 4.00.
8 Alternatively, we also estimate the results by constructing the women's rights variables in origin and destinations by adding women's social, economic and political rights in their origin form. The only origin country with women's rights levels of zero is Afghanistan which is dropped from the estimation. The results are presented in table A2 in appendix 1. 9 Alternatively, we also estimate the results by constructing the women's rights' gap variable as a subtraction between the women's rights levels in origin from the women's rights levels in destination. The results are presented in Table A1 in appendix 1. The results that we report below are not different qualitatively from those found in Table  A1 .
The comprehensive women's rights gap, (17), assumes equal weighting of all three dimensions of women's rights -economic, social, and political. This assumption can, of course, be questioned. As well, we would like to know which dimensions of women's rights are most important for determining the female brain drain ratio. Still, including measures of all three dimensions separately introduces collinearity and may inflate standard errors. Faced with this,
we proceed by first reporting estimations that include the comprehensive index. Subsequently, we report results using the three constituent components: (Docquier, et al., 2012) . Also from Mayer and Zignango (2011) we include a small island dummy (1 = small island; 0 otherwise). Small islands tend to have significantly higher rates of emigration. Docquier (2006) reports typically higher brain drain rates from small islands.
Finally, we include several origin-destination specific cost factors. Following Mayer and
Zignago (2011) we include a contiguity dummy to capture the effect of being geographic neighbors. We control for the bilateral distance between country pairs (defined as the geodesic distances between the major cities). We also include a colony dummy that takes the value of 1 for country pairs that have a past colonial relationship; 0 otherwise. Colonial relationships between country pairs can lower migration costs. First, countries with colonial links are more likely to have similar cultures, religions, education systems, and other institutions. Colonizer countries also tend higher stock of migrants from their former colonies. These similarities lead to lower transition costs for migrants. Moving into a country with a similar education system can make finding a job easier because the likelihood of one's documentation and skill sets being accepted is higher. Cultural similarities also make the transition process easier. Having a network of previous migrants from one's origin can reduce monetary and non-monetary costs of migration.
12 http://info.worldbank.org/governance/wgi/sc_country.asp Finally, we include two common language dummy variables. A common language dummy takes the value of 1 if 20% or more of the population in the origin and destination countries speak the same language. A common second language dummy takes the value of 1 if more than 9 but less than 20% of the populations speak a same language.
We use the average of 1990 and 2000 data for control variables. However, we subsequently check the robustness of our results to using "initial" 1990 values for independent variables. Table 1 contains summary statistics for all variables included in our analysis.
Gravity Model and Estimation Techniques
The gravity models that we estimate are each of one of three forms:
where FBR ij and the Women's Rights Gap ij are defined according to (15) and (17) above; Z ij contains our other control variables. We estimate (21) using both OLS and the Heckman (1970) two-stage regression approach. Since multiple observations taking the value of zero is an issue with migration data, we also estimate (22) by OLS. The addition of 1 to the dependent variable allows us to include (logged) observations where FBR ij is equal to zero. However, observations where FBR ij is undefined (when the male migration flow in the denominator is zero) are still excluded. We also apply the Poisson pseudo-maximum likelihood estimation suggested by Silva and Tenreyro (2006) to (23).
Our approaches to handling the problem of a large number of zero and undefined FBR ij values deserves some attention here. If zeroes are randomly distributed then dropping them in OLS estimation of (21) is correct. (In that case the zeroes are not informative.) However, the observations may indeed contain useful information and, in that case, discarding them can lead to inconsistent estimates (Silva and Tenreyro, 2006) . For example, a zero female migration rate may signal that migration is prohibitively costly due to severe gender discrimination in either the origin or destination country. Alternatively, an undefined female brain drain ratio (e.g., no female or male migration) may indicate generally high migration costs between an origin and destination pair. In either case, discarding both the zero and undefined female brain drain ratios may be discarding useful information.
To overcome this problem, first we follow a traditional approach by simply adding 1 to the dependent variable and then applying OLS to (22). This solution is ad hoc and there is no guarantee that estimation results based on it reflect the true underlying relationships. Also, since our dependent variable is a ratio of migrations flows, in our analysis zero migration flow observations translate into dependent variable observations that may be zero or may be undefined. The latter observations will still end up discarded.
Another alternative approach is Heckman's (1970) two-stage estimation of (21).
Heckman considers both the missing (for us, undefined) and zero observations as a self-selection issue. It is plausible that the probability of having non-zero migration between two countries is correlated with unobserved characteristics of that country pair. In a Heckman estimation, the first step is the probit estimation of (21) to determine, based on the conditioning variables, the probability of a non-zero, defined dependent variable observation. Then in a second stage OLS regression of (21) Yet another approach that we employ is the Poisson pseudo maximum likelihood method suggested by Silva and Tenreyro (2006) . PPML estimates directly the nonlinear form of the gravity model, (23), and avoids dropping zero dependent variable observations. In other words, PPLM avoids needing to take the natural log of the dependent variable. Silva and Tenreyro (2011) argue that the Poisson pseudo maximum likelihood estimation is robust to the presence of large number of zeroes in the data. Moreover, they argue that while the traditional gravity model is biased in the presence of heteroskedasticiy and log linearization leads to inconsistent estimates, the Poisson pseudo maximum likelihood estimation is consistent. However, the Poisson pseudo maximum likelihood estimation, like OLS estimation of (22), cannot overcome the case of undefined values for the female brain drain ratio. The Heckman two stage estimation is the only method that treats the zero migration flows as unobserved rather than inexistent in the case of OLS and PPML.
Results
Tables 2 through 7 report our empirical results. Each Heckman estimation treats this sample selection bias; and as a result it is our preferred estimation technique.
 Based on estimations including one rights gap measure at a time, a statistically significant non-linear relationship is estimated across all specifications for both political and social women's rights gaps; the non-linear relationship for the economic women's rights gap is statistically significant in all specifications except for PPML.
 Including all three rights gaps measures in single estimations yields a statistically significant nonlinear relationship for the women's political rights gap across specifications; the relationship for the women's economic rights gap is statistically significant in all specifications except for PPML.
 All statistically significant estimated relationships imply that, starting from low levels of the women's rights gap, increases are associated with greater relative female brain drain on the margin; at higher levels of women's rights the relationship becomes positive.
As indicated above, we report estimations including one type of women's rights gap (and its squared value) at a time (tables 4, 5, & 6) and also estimations including all three types simultaneously (table 7). In the case of the former estimations, the excluded women's rights variables may be omitted variables that are correlated with the included variables, biasing the estimates. Alternatively, including all three types of rights at once is likely to introduce collinearity, yielding imprecise estimates. Our compromise is to report on both, having noted the caveats to each.
Comprehensive Women's Rights Gap
Column I of Starting from a women's rights gap value of less than 1.796, the OLS estimates suggest that increases in an origin country's women's rights, relative to those of the destination country, will decrease the relative amount of female brain drain. This would apply to most of the origindestination pairs in our sample. We also believe that it is the "common sense" result, i.e., at first consideration one is likely to conjecture that the more relatively desirable the destination country's women's rights, the greater the high-skilled female migration to that destination will be.
However, while "relatively desirable" implies the benefits of the destination relative to the origin, there are also the costs of migration to be taken into account. The OLS estimates suggest that, starting from women's rights gap values greater than 1.796, increases in that gap will be associated with decreases in female brain drain from the origin to the destination.
Interpreted in terms of our theoretical model in section 3 above, starting from a high gap value the women's rights in the destination country are very good and/or those in the origin country are exceedingly poor. If the gap widens, in terms of the cost component of equation (14), the costs associated with leaving the origin country increase and/or those associated with entering the destination country decrease. If both the origin and destination costs are convex (partial derivatives (6) and (7)), then it is the former effect that likely dominates the estimated effect. A decrease in origin country's women's rights imposes large marginal increases to the costs associated with a high-skilled female leaving. Therefore, starting from very high women's rights gap values (especially from exceedingly poor origin country women's rights levels) this cost effect dominates.
The OLS results from column I exclude (log) female brain drain ratios observations that are zero because of a zero numerator. Column II reports OLS results that incorporate the latter (an additional 353 observations) by adding one before taking the natural log. The results for the women's rights variables of interest are qualitatively unchanged. Furthermore, while the coefficient estimates on women's rights gap and its squared value are quantitatively different, they imply a threshold value of 1.763, almost identical to that implied by the column I estimates.
Column III contains the results of the Heckman estimation. This approach allows us to incorporate information from another 743 undefined observations where the denominator or both numerator and denominator of the female brain drain ratio are zero. The inverse Mills ratio enters significantly (5% level) in the second state estimation. This is evidence that selection bias is important when the undefined/zero observations are excluded. The Heckman coefficient estimates on the women's rights gap and gap squared are both statistically significant (5% level or better). Furthermore, they are almost indistinguishable from the column I, OLS results; they imply a threshold women's rights gap value of 1.795. Starting from only from very high women's rights gap values, increases in the gap between destination and origin countries are associated with decreases in the female brain drain ratio. Again, the result implies that, for most origin-destination pairs in our sample, increasing (decreasing) women's rights in origin (destination) country decreases the relative number of high-skilled women migrating from the origin to the destination.
To check the robustness of this result, columns IV and V report results from the estimation of (23) As a robustness check we also used the data from 1990 for explanatory variables rather than the average of 1990 and 2000 data. As it can be seen in The common result across tables 4, 5, and 6 -which is robust for both women's political and social rights -is that, for most origin and destination country pairs in our sample, increasing women's rights in origin country decreases the relative number of high-skilled women migrating away from the origin country and towards the destination. Only starting from exceptionally high women's rights gap values (and, presumably, when the origin country has exceedingly poor definition and enforcement of women's rights) do we find that increases in the gap are associated with decreases in the female brain drain ratio. Intuitively, even though increases in the gap make migration more beneficial, they also make it more costly and this latter effect dominates. Table 7 reports the results of estimations including women's economic, political, and social rights gaps (along with their squared values) as independent variables simultaneously. The first thing to note is that, across estimation techniques, whenever a gap variable is statistically significant, it carries the sign that we would expect given the results already reported on above;
Economic, Political, and Social Rights Gaps Simultaneously
the "hump-shaped" relationship manifests itself.
The political rights gaps and the squared values are statistically significant, always at the 1% level, in both OLS regressions (columns I & II), the Heckman estimation (column III), and both PPML estimations (columns IV and V). Using the preferred Heckman results, the threshold women's political rights gap value is 2.562. This nonlinear effect associated with the women's political rights gap is, overall, the most robust finding that we report. The women's economic rights gap and its squared value are again significant in all but the two PPML estimations. The threshold economic rights gap value implied by the Heckman results is 2.194. Apparently, the women's social rights gap is the weakest candidate in our estimations. When included along with the economic and political rights gaps it only enters significantly (5% level) in the PPML estimation using positive female brain drain ratio values only (column V). Even then its squared value enters insignificantly (though the point estimate remains negative).
Conclusion
We explore women's rights as a determinant of the female brain drain rate relative to that of men (the female brain drain ratio). We develop a model of migration where both women's expected costs and benefits of migration are a function of women's rights in the origin country relative to those of the destination (the women's rights gap). Since both costs and benefits are a function of the women's rights gap, the relationship between changes in that gap on the female brain drain ratio is nonlinear. In particular, starting from high values of the rights gap, increases in the relative level of rights in the origin country can be associated with increases in the female brain drain ratio. However, starting from lower levels of the gap the relationship turns negative. In other words, when women's rights levels are higher in the destination country in comparison with the origin country, high-skilled women are more likely to migrate (compare to men), unless the low levels of women's rights in origin manifests as increased cost of migration for women. 
Female-to-male brain drain ratios versus women's rights index values
Note: data are from Docquier et al. (2009) and Cingranelli and Richards (2010) . * p < 0.10, ** p < 0.05, *** p < .01 Women's rights gap here is defined as ratio of women's rights levels in destination to women's rights levels in origin. * p < 0.10, ** p < 0.05, *** p < .01 Women's rights gap here is defined as the subtraction of the women's rights levels in origin from the women's rights levels in destination. * p < 0.10, ** p < 0.05, *** p < .01 Women's rights variables here is computed based on adding women's social, economic and political rights in their original form which is when they vary between 0 and 3. Women's rights gap here is defined as ratio of women's rights levels in destination to women's rights levels in origin. The only country with women's rights level of zero is Afghanistan which was dropped to avoid unidentified values for women's rights gap variable.
